Abstract. The boundary between Late Permian and Early Triassic stratigraphic sequences is characterized by the onset of a marked shift in the isotopic composition of both marine carbonates and sulfates. The abrupt 3%o decrease in the carbon isotope ratio of carbonates and the more gradual 5%o increase in the sulfur isotope ratio of sulfates can be explained by changes in the nature of the Earth's ecosystems induced by the massive Permo-Triassic extinctions. We propose that the continental ecosystem responsible for the preservation and burial of organic matter during Permian time was disrupted and that the relatively efficient marine food web of Permian time was replaced by a less efficient system, which allowed for a greater fraction of the marine organic matter to reach the seafloor. These changes were reflected by a major shift in the depositional environment for the reduced component of matedhal accumulating in sediments. During the Permian, organic carbon burial on the continents dominated, whereas during the Triassic, deposition of organic carbon on the seafloor dominated, allowing sulfides to become an important component of the reduced phase.
Introduction
It is now well established that the carbon isotope composition of marine CaCO3 and therefore also that of ocean X;CO2 under- ates, the rather heavy value which characterized the Permian to the 3%0 lighter value which characterized the Triassic. As the residence time of carbon in the ocean-atmosphere system was unlikely to have exceeded several hundred thousand years, both the Permian and Triassic compositions represent steady states.
Hypotheses
Two end-member explanations for the shift in the carbon isotope record exist: either the isotopic composition of the mix of carbon entering the ocean-atmosphere system underwent a 3%0 shift or the split between CaCO3 and organic residues accumulating in the sediments underwent a dramatic change. We reject the former explanation, for we see no way to make an abrupt change in the broad pallet of sources supplying carbon to ocean and atmosphere. Admittedly, the extrusion of the Siberian Traps which occurred at the very end of Permian time [Renne and Basu, 1991; Campbell et al., 1992; Renne et al., 1995] could have released a large amount of CO2 into the atmosphere. However, the isotopic fingerprint of such an addition would have persisted for no more than a few times 105 years. Rather, we lean toward the possibility that a major change occurred in the mechanisms which regulated the throughput of carbon. Our case rests on the observation that about 90% of marine species and 70% of continental species suffered extinction at the close of the Permian period [Raup and Sepkoski, 1982; Erwin, 1994] . As the flow of carbon is governed by interactions among physical, chemical, and biological processes, the sudden replacement of the long-standing Permian ecosystems with new ecosystems must have altered this flow and therefore also the split between the burial of carbon as CaCO3 and as organic residues.
Carbon Isotope Shift
Let us first consider the change in CaCO3:organic matter partitioning required to yield a 3%o reduction in the/)•3C of marine carbonates. In Figure 2 is shown a hypothetical scenario by which this might be accomplished. It is assumed that the carbon added to the ocean-atmosphere system had a/)•3C composition averaging5%o during both the Permian and the Triassic. The difference in carbon isotopic composition between the carbon buried as CaCO3 and that buried as organic matter is assumed to have been, as now, about 25%o. Thus, in order to achieve carbon isotopic balance, the CaCO3:organic matter split would have to have shifted from 69:31 during the Permian to 81:19 during the Triassic. Regardless of whether or not the assumed carbon isotopic compositions are correct, it is clear to us that a substantial drop in the fraction of carbon buried as organic residues must have occurred following the P-Tr boundary event. The 12% magnitude of this shift is set by the ratio of the P-Tr carbon isotope shift (3%o) to the difference in isotopic composition between organic carbon and marine CaCO3 (25%0).
Oxidation State of Sedimentary C and S
If it is also assumed that the mean oxidation state of carbon and sulfur entering the ocean-atmosphere system remained unchanged between Permian and Triassic time, then the fact that the isotope to compensate for this switch, the fraction of sulfur buried as sulfide would have to have shifted from 10% during the Permian to 25% during the Triassic. Further, in order to achieve mass balance for both the isotopes and for the oxidation state of the output, a seemingly unreasonably high ratio of reduced sulfur to reduced carbon is required. For modem anoxic sediments, Berner [1982] and Berner and Raiswell [1983] have shown that the molar ratio of reduced sulfur to reduced carbon averages 0.15. As can be seen in Figure 3 , in order to achieve both oxidation and isotope balance, we require a ratio greater than 0.75. Were the ratio less than this, continental organic carbon burial during the Triassic would have to have been negative. While erosion of Permian continental organic matter might create such a negative balance, we consider it unlikely.
Shift in Atmospheric
With this scenario in mind, let us consider the situation for atmospheric 02. We assume that the partial pressure of 02 in the atmosphere serves as the policeman which at steady state assures that the net oxidation state of the material entering sediments matches that of the material being supplied to the oceanatmosphere system. The switch from conditions existing in the Permian world where organic matter buried on the continents 
Summary
Taking all the evidence together, we hypothesize that the sequence of events at the P-Tr boundary was as follows. The Earth experienced a great catastrophe. Perhaps it was struck by a comet. As a result, a major fraction of organisms on Earth were killed. The resulting extinctions disrupted the food webs which had developed during the Paleozoic. The land plants responsible for the generation of a major portion of the reduced carbon buried in Permian sediments were largely wiped out. Further, the inefficiency of the new Triassic marine ecosystems allowed a substantial amount of the marine photosynthetic product to reach the seafloor, creating extensive regions where anoxic sedimentary conditions prevailed. This allowed the formation and burial of sulfide minerals. It is possible that this initially resulted in too great a burial of reduced carbon and sulfur. However, as a consequence of this excess burial, the O2 content of the atmosphere gradually rose, causing the realm of anoxia to shrink until a new steady state was achieved. The result was a transition from a world where reduced material (mainly carbon) accumulated on land to a world where reduced material (both carbon and sulfur) accumulated mainly at sea. The legacy of this transition is carried by the carbon and sulfur isotope composition of marine carbonates and sulfates.
We are the first to admit that the scenario presented here is not entirely original; rather, it builds on that of Berner [1987] . We also are the first to admit that our scenario, while plausible, is certainly not unique. While the truth of the matter may never be fully known, plausible scenarios could be better constrained if the time histories of the 834S transient and of the duration of anoxic conditions were better documented. While admittedly imperfect, our hypothesis leans on something which surely did happen (i.e., extinctions) rather than on conjectured events (Kump's forest fires and Knoll's ocean turnovers).
